Air4EU city assessment for Athens

1 of 10

Air4EU city assessment for Athens
	City:
	Athens

	Research Partner
	AUT
	Nicolas Moussiopoulos, John Douros

	City Partner
	ENVECO
	Spyros Papagrigoriou

	Other Partners
	
	


1. Known air quality problems

	[image: image1.wmf]

	Figure 1: Greater Athens Area.
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 The city of Athens is located in a basin of approximately 450 km2 (Figure 1). This basin is surrounded at three sides by fairly high mountains (Mt. Parnis, Mt. Pendeli, Mt. Hymettus and Mt. Aegaleon), while to the SW it is open to the sea. Industrial activities take place both in the Athens basin and in the neighbouring Thriasion plain (cf. solid areas in Figure 1). The Athens basin is characterized by a high concentration of population (about 40% of the Greek population), accumulation of industry (about 50% of the Greek industrial activities) and high motorization (about 50% of the registered Greek cars). Anthropogenic emissions in conjunction with unfavourable topographical and meteorological conditions are responsible for the high air pollution levels in the area. The visual results of atmospheric pollution “nephos”, a brown cloud over the city, made their appearance in the 70’s. Alarmingly elevated pollutant concentrations already threaten public health and at the same time cause irreparable damage to invaluable ancient monuments.
Visibility impairment during pollution episodes is due to high burdens of aerosol particles in the atmosphere while the yellowish-brown colour of the cloud is due to high nitrogen dioxide concentrations. In Athens, as in most densely populated urban areas, non-black particles are formed in the lowest part of the atmosphere as secondary aerosols (ammonium sulphates and nitrates).These particles have gained recently a high-priority in environmental reporting following wide spread concern about their health effects, which is mainly due to their small size that makes them respirable.

The main characteristics of the air pollution in Athens for 2003 can be summarised as follows: 

· Examination of the temporal variation of the measured air pollutant concentrations in the greater Athens area, since 1984, shows a general decline of the concentrations of certain air pollutants. This decrease is mainly observed in the concentrations of the primary air pollutants, such as carbon monoxide, sulphur dioxide and black smoke. Such a decline is noteworthy, given the increase in population and economic activity that have occurred in the area during the considered time period.

· The main air pollution problem in Athens is tropospheric ozone, a product of the combination of intense sunshine with considerable emissions of ozone precursors.

· Particulate Matter with aerodynamic diameter less than 10 μm (PM10) also shows high concentrations. 

· Higher concentration values of SO2, NO2, CO and Black Smoke are measured at the downtown monitoring sites, while for ozone, higher values are typically observed at the suburban sites. Topography combined with low speed (<5m/s) southwestern winds (sea breeze) often result in  ozone accumulation in the northern and north-eastern suburbs, especially during the summertime afternoon hours or when a temperature inversion occurs. 

· For NO2, exceedances of the indicative “new” hourly limit value (270 μg/m3) were observed at two sites (1 hour in Peristeri station and 5 hours in Patision station), while exceedances of the indicative yearly limit value, were observed at 3 out of 17 stations. Maximum NO2 values are typically measured between 10:00 and 12:00.

· SO2, CO and black smoke concentrations during the winter period are greater that those during summer period. Maximum CO values are typically measured between 8:00 and 10:00 and between 21:00 and 23:00.

· During the weekends, all measured air pollutant concentrations except ozone, show a decline.

Brief air quality results for 2003 are presented in the following table:
	Comp.
	Comments
	Problem

	SO2
	Daily Exceedances recorded at no stations
Hourly Exceedances recorded at 2 stations (max 3 hours)
	No
No

	PM10
	Daily Exceedances recorded at 2 stations (max 113 days)
Annual exceedance recorded at 3 stations
	Yes
Yes

	NO2
	Hourly Exceedances recorded at no stations
Annual exceedance recorded at 3 stations
	No
No

	Lead
	Annual exceedance recorded at no stations
	No

	CO
	Daily Exceedances recorded at no stations
	No

	Benzene
	Annual exceedance recorded at 1 station
	Yes

	Ozone
	Daily Exceedances* recorded at 13 stations (max 40 days)
	Yes


* Hourly alarm limit value of 180 μg/m3
2. Monitoring network

The existing network in Athens comprises today of seventeen (17) fully automatic monitoring stations. The monitoring network is operated, managed and maintained exclusively by the Directorate of Atmospheric Pollution and Noise Control (Department of Atmospheric Quality, Greek Ministry for the Environment). The existing stations of the monitoring network and the pollutants monitored are listed in the following table:
	Station
	Pollutants measured
	Meteo

	Location
	Station type
	SO2
	NOx
	CO
	O3
	PM10
	TSP
	ΒΤΧ
	BS
	

	Name
	Longitute
	Latitute
	Altitute
(m -asl)
	
	
	
	
	
	
	
	
	
	

	Athinas – ΑΘΗ 
	23° 43΄ 30΄΄
	37° 58΄ 42΄΄
	100
	Urban-Traffic
	v
	v
	v
	v
	
	
	
	v
	

	Aristotelous – ΑΡΙ
	23° 43΄ 39΄΄
	37° 59΄ 16΄΄
	95
	Urban - Traffic
	v
	v
	
	
	v
	
	
	v
	

	Geoponiki – ΓΕΩ
	23° 42΄ 25΄΄
	37° 59΄ 01΄΄
	50
	Suburban-Industrial
	v
	v
	v
	v
	
	
	
	
	v

	Liosia – ΛΙΟ
	23° 41΄ 52΄΄
	38° 04΄ 36΄΄
	165
	Suburban -Background
	v
	v
	
	v
	
	
	
	
	v

	Lykovrisi – ΛΥΚ
	23° 46΄ 35΄΄
	38° 04΄ 11΄΄
	210
	Suburban
	
	v
	v
	v
	v
	v
	
	
	v

	Marousi – ΜΑΡ
	23° 47΄ 14΄΄
	38° 01΄ 51΄΄
	145
	Urban - Traffic
	v
	v
	v
	v
	v
	
	
	
	v

	Nea Smyrni – Ν.ΣΜΥ
	23° 42΄ 54΄΄
	37° 55΄ 58΄΄
	50
	Urban - Background
	v
	v
	v
	v
	
	
	
	
	

	Patision – ΠΑΤ
	23° 43΄ 59΄΄
	37° 59΄ 57΄΄
	105
	Urban - Traffic
	v
	v
	v
	v
	
	
	v
	v
	v

	Piraeus 1 – ΠΕΙ-1
	23° 38΄ 51΄΄
	37° 56΄ 36΄΄
	20
	Urban - Traffic
	v
	v
	v
	v
	v
	v
	
	
	

	Peristeri – ΠΕΡ
	23° 41΄ 46΄΄
	38° 00΄ 55΄΄
	80
	Urban - Background
	v
	v
	v
	v
	
	
	
	
	

	Ag. Paraskevi – ΑΓ.ΠΑΡ
	23° 49΄ 10΄΄
	37° 59΄ 42΄΄
	290
	Suburban - Background
	v
	v
	
	v
	v
	v
	
	
	v

	Galatsi – ΓΑΛ
	23° 44΄ 53΄΄
	38° 01΄ 13΄΄
	145
	Urban - Background
	v
	v
	
	v
	
	
	
	
	v

	Goudi – ΓΟΥ
	23° 46΄ 04΄΄
	37° 59΄ 04΄΄
	155
	Urban - Traffic
	
	v
	
	
	v
	
	
	
	

	Elefsina – ΕΛΕ
	23° 32΄ 18΄΄
	38° 03΄ 05΄΄
	20
	Suburban - Industrial
	v
	v
	
	v
	
	
	
	
	v

	Zografou – ΖΩΓ
	23° 47΄ 13΄΄
	37° 58΄ 11΄΄
	245
	Suburban - Background
	v
	v
	
	v
	v
	v
	
	
	

	Thrakomakedones – ΘΡΑ
	23° 45΄ 29΄΄
	38° 08΄ 37΄΄
	550
	Suburban - Background
	
	v
	
	v
	v
	
	
	
	v

	Piraeus 2 – ΠΕΙ-2
	23° 39΄ 10΄΄
	37° 56΄ 32΄΄
	25
	Urban - Background
	v
	v
	
	v
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Figure 2: Stations location of the monitoring network in Athens.
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Figure 3: Evolution of the 98th percentiles of mean diurnal SO2 (top) and mean diurnal black smoke (bottom) at seven measuring stations of the Athens monitoring network.
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Figure 4: Evolution of the 98th percentiles of mean diurnal PM10 at four urban (left part) and four suburban (right part) measuring stations of the Athens monitoring network.

3. Assessment of regional background

Regional background is determined by Directorate of Atmospheric Pollution and Noise Control (Department of Atmospheric Quality, Greek Ministry for the Environment), using suburban- and rural-background stations. The monitoring values are compared to dispersion modelling results and EMEP background values over the Greater Athens Area.
4. Emissions inventory

In the frames of a recent major project, funded by the Greek Ministry for the Environment, an emission inventory was compiled for the Greater Athens Area, for the reference year 2002, taking into account emissions from:

· Stationary air pollution sources like, industry, domestic heating and oil stations,

· Mobile sources, such as, road traffic and emissions from ship, airplane and train lines.

Pollutants included were CO, NO2, NOx, O3, SO2, Benzene, PM10 and Pb, for most of which current EU legislation sets up specific air quality limit values that have to be met up to 2005 and 2010.
Emission inventory was based on the following research projects of the Greek Ministry for the Environment:
· “Inventory and Control of Air Emissions from Transportation” and 
· “Inventory of Air Emissions from Domestic Heating and Waste Water & Solid Wastes from Industry”
Also, concerning emission inventory from road traffic CORINAIR methodology and the COPERT software were applied. At present, there is a lack of data on resuspension of road dust which is relevant for PM10.
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Figure 5: Total daily emissions from transportation (in tn/day).
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Figure 6: Spatial distribution of daily CO emissions from transportation.
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Figure 7: Percentage contribution of various sources to PM10 concentrations for the Patission Ave. by taking into account (right) or not (left) microscale phenomena.
5. Models

A combination of MEMO/MUSE and OFIS model is used to simulate air quality in Athens.

MEMO/MUSE models
MEMO is a prognostic mesoscale meteorological model, one of the core models of the European Zooming Model (EZM), which allows describing the air motion and the dispersion of inert pollutants over complex terrain. The code allows one way nesting. Within MEMO, the conservation equations for mass, momentum, and scalar quantities as potential temperature, turbulent kinetic energy and specific humidity are solved. MUSE is a multilayer Eulerian photochemical dispersion model for reactive species in the local-to-regional scale. Like MEMO, MUSE is a constituent of the EZM and was developed as a simplified version of the fully 3D photochemical dispersion model MARS.
OFIS model

OFIS model also belongs to the EZM system, and was developed to serve a twofold aim; (i) allowing authorities to assess urban air quality by means of a fast, simple and still reliable model and (ii) refining a regional model simulation by estimating the urban subgrid effect on pollution levels. OFIS was derived from the more sophisticated EZM core models. Being closely related to the 3D photochemical dispersion model MARS/MUSE, OFIS simulates concentration changes due to the advection of species and chemical reactions in each cell of the computational domain. The concentration values outside this domain are assumed to coincide with the regional background concentrations used for the calculation of the boundary conditions. The computational domain of the model consists of a two-layer gridded strip with a length of 240 km and a width defined by the city size, with the city in the centre. The strip is oriented along the prevailing wind direction, altering direction when the meteorological input is modified (every 3 hours). Thus, the core region lies always inside the OFIS computational domain and defines the urban area. Areas outside this region are affected to a lesser degree, depending on their distance from the centre, defining suburban and rural regions.
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Figure 8: Athens maps presenting mean & maximum annual O3 concentrations, such as the number of exceedance days, calculated by OFIS model for 2000.
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Figure 9: Athens maps presenting mean & maximum annual PM10 concentrations, such as the number of exceedance days, calculated by OFIS model for 2000.
6. Assimilation methods

No data assimilation method is currently used in Athens.
7. Gaps, needs and focus areas

The following gaps and needs are noticed:
· Resuspension of road dust is an important contributor to PM concentrations in Athens, but no details are known about emission strength.

· There are significant differences at some stations when comparing models to monitoring.
· Meteorological monitoring is insufficient as there are only a few measuring stations in Greater Athens Area.
· Need for a proper evaluation of the monitoring network in Athens.
· Simple street canyon models as screening tools.
· Consequences of the PM2.5 limit value.
· Improved emission data PM10, PM2.5 and benzene.
· Improved urban background by nested approach and monitoring data.
· Evaluation of transportation measures on air pollution levels.
8. Suggested case studies

· Investigate sensitivity on regional background (eg. By testing various regional scale models and measurements).
· Investigate secondary PM contribution.
· Prepare PM Maps (2003/2005).
· Investigate resuspension  parameterisations 
· Test a simple data assimilation tool
9. Actions for implementation of case studies

· Prepare a Case Study Action Plan in cooperation with ENVECO 

· ENVECO to collect and set input data to AUT

· AUT to setup MEMO/MARS and OFIS models and apply for Greater Athens Area
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